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C E L L T Y P E S IN T H E R A T E N D O M E T R I U M : AN 
O N T O G E N E T I C U L T R A S T R U C T U R A L S T U D Y 
V. Goranova, S. Nikolov 
Department of Anatomy, Histology and Embryology, Medical University, Varna 
Fifty female Wistar rats were used to study the endometrial cell types by 
ТЕМ. Ultrastructural features of the main resident (fibroblasts, epithelial cells) 
and transient cells (granulocytes, macrophages, plasma cells and lymphocytes) 
were established during the following periods: (i) prepuberty, (ii) sexual 
maturity, and (Hi) in aged rats. The morphological changes in the cell types are 
discussed with a view to clarify the endometrial tissue reorganization during 
ontogenesis and especially in the estrus cycle. Our results suggest that main 
factors affecting the cells during the phases of the estrus cycle are the ovarian 
steroids, actively influencing upon them in comparison with other periods. 
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INTRODUCTION 
The structural and functional states of 
the mammalian uteais are controlled by the 
ovarian steroids (4, 5, 17). In relation with 
this, there are morphological results for 
cellular changes in rodent uterus during 
some physiological states (3, 9, 11, 12) and 
under experimental conditions (2, 15). 
However, there are no data on the early 
postnatal period, the phases of the estrus 
cycle and in aged rats. The role of diverse 
cell types in the tissue reorganization of the 
endometrium during the estrus cycle 
remains still unclear. This is very 
important in nonmenstruating mammals 
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because the remodeling the endometrium is 
realized without breakdown of blood 
vessels (5) by still unknown mechanisms. 
MATERIAL AND METHODS 
The study was carried out on 50 female 
Wistar rats divided into 10 equal groups: 
before puberty (1 , 5, 10, 20 and 30 days); 
sexually mature (6 months) and aged rats 
(more than 2 years, which corresponds to 
menopause in menstruating mammals). The 
phases of the estrus cycle (proestrus, 
estrus, metestrus, diestrus) were 
determined by vaginal smears (13). After 
ether anesthesia and decapitation 
specimens were taken from the midportion 
of each uterine horn for transmission 
electron microscopy. Fixation in 3 % 
glutaraldehyde and 1 % O s 0 4 (in 0,1 M 
PB, pH 7,4) both for 2 h at 4 °C was 
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Fig. 1. Ultrastructural scheme of rat 
endometrium showing the main cell types. 
Epithelial cell (Ep); fibroblast (Fh); neutrophil 
(Ne); eosinophil (Eo); lymphocyte (Ly); mono-
cyte (Mo); macrophage (Mp); plasma cell (PI); 
endothelial cell (Ec); pericyte (Pr); J - luminal 
epithelium; 2 - glandular epithelium; 3 - stroma 
made. Embedding in Durcopan A C M 
Fluka (Switzerland), ultramicrotome L K B 
Bromma (Sweden) 2088. Double 
contrasting with uranyl acetate and lead 
citrate. Electron microscope JEM JA 
(JEDL-Japan) or E M 109 Turbo (Zeiss-
Germany). 
RESULTS 
During ontogenesis two groups of cells: 
resident and transient are established in the 
rat endometrium (compare with 12). The 
first group consists of: epithelial cells 
(luminal and glandular), fibroblasts and 
vascular cells (the latter are presented in 
our earlier reports - 6, 7). The second 
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Fig. 2. Stromal fibroblast of a l()-day-old rat 
with a well-developed organelles: RER, Golgi 
complex (G), microtubules (long arrows), 
polyribosomes (short arrows), coated vesicles 
(arrowheads), cilium (C), Magn. x 17000 
group consists of: neutrophils, eosinophils, 
basophils, lymphocytes, monocytes, 
macrophages, plasma cells and mast cells 
(Fig. 1). 
In the prepubertal period the 
ultrastructure of the endometrium (luminal 
and glandular) corresponds to that already 
described in the literature. The fibroblasts 
have clear nuclei, an extensive rough 
endoplasmic reticulum ( R E R ) , a well-
developed Golgi complex, numerous 
mitochondria, polyribosomes, microtubules 
and vesicles containing plasmalemmal 
evaginations. Most of them possess single 
cilia in close association with trans Golgi 
area (Fig. 2). Up to the day 20, in the 
extracellular space there are small bundles 
of collagen fibrils. Very few transient cells 
are observed in this period (single 
neutrophils and macrophages). 
Considerable changes in all cell types 
are detected during the diverse phases of 
the estrus cycle. In proestrus/estrus the 
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Fig. 3. Basal compartment of luminal 
epithelium in diestrus with autophagic 
vacuoles (arrows) and a large deposit of lipid 
droplets (arrowheads). Magn. x 4400 
epithelial cells are taller with an activated 
synthetic and secretory apparatus. Their 
microvilli are longer and denser. In 
metestrus/diestrus a salient accumulation 
of lipid droplets and autophagosomes (0,5-
2 ц т ) of ovoid or spherical shape in the 
basal compartment is noted (Fig. 3, 4). 
They contain nonhomogenous electron-
dense substance and sometimes remnants 
of membrane organelles. In proestrus 
fibroblasts show activation of their 
secretory apparatus with dilatation of 
R E R . 
Each phase of the estrus cycle is 
characterized by significant changes in 
most transient cell types (Table 1). In 
proestrus and less expressed in estrus intact 
Fig. 4. Luminal epithelial cells in diestrus rich 
in lipid droplets (arrows) with a lymphocyte 
(Ly) migrating between them. Magn. x 7000 
eosinophils are abundant mostly in the deep 
stroma. In metestrus/diestrus many of them 
are found to disintegrate in the extracellular 
space (Fig. 5). Moreover, the amount of 
neutrophils, monocytes, macrophages, 
lymphocytes and plasma cells considerably 
increases, whereas only single basophils 
and mast cells are detected. Very often 
leukocytes, mainly neutrophils and 
lymphocytes, are in intimate contact with 
stromal fibroblasts. Macrophages are laden 
with a lot of phagolysosomes with material 
at different stages of digestion as well as 
with many lipid inclusions. In 
diestrus/proestrus numerous neutrophils, 
monocytes, macrophages and lymphocytes 
(Fig. 4) are often observed within the basal 
epithelium, where the underlying basal 
lamina remains intact. In aged rats the 
resident cells do not demonstrate any 
ultrastructural signs of activation or other 
significant alterations. Transient cells are 
very rare. 
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Table 1 
Variation in the appearance of the most typical cells in the endometrial stroma during the 
estrus cycle 
Phases Eosinophils Neutrophils Monocytes Macrophages Plasma Lymphocytes 
of the cells 
estms 
cycle intact disintegrating 
Proestrus +++ + - + 
Estms ++ + + + + + 
Metestms + ++ ++ -и- ++ + ++ 
Diestms - +++ ++ + + + + 
Legend: (-) absent cell type; (+) single cells; (++) moderate quantity; (+++) very great number 
DISCUSSION 
There results indicate some qualitative 
and quantitative changes in resident and 
transient cell types in the rat endometrium. 
We consider this morphological variety to 
be determined by local and/or general 
factors during various ontogenetic periods. 
The dynamics in the cell types suggests 
that mainly ovarian steroids, which are 
known to vary in the estrus cycle (4) play 
such a role. 
The early postnatal fibroblastic 
activation, concerning the 
synthetic/secretory apparatus and the 
presence of single cilia could be explained 
by production of extracellular matrix 
components for the stroma as a part of 
local tissue program, controlled first of all 
by local agents. We consider the activation 
of fibroblasts in proestrus to be estrogen-
dependent with a view of stromal 
preparation for implantation. A new point 
in our results on the epithelial cells are the 
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ultrastructural signs of general activation 
in proestrus/estrus. A special attention is 
paid to the intraepithelial accumulation of 
lipid droplets and autophagosomes at the 
end of each cycle, preceded by a 
Fig. 5. Disintegrating stromal eosinophil in 
diestrus. Magn. x 5000 
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programmed epithelial break-up (apoptosis 
B) as a morphologic stage of epithelial 
renovation. I f we relate this phenomenon to 
the presence of neutrophils, monocytes, 
macrophages and lymphocytes in the 
epithelium and stroma, then it is logical to 
assume the existence of two main stages of 
endometrial renewal: i) activation of 
catabolic processes with cellular 
destruction and ii) phagocytosis of cell 
remnants. 
Variations in the transient cells which 
are blood derived are similar but less 
pronounced than the massive leukocytic 
invasion in the peripartum period due to 
ovarian hormones (12). We think that their 
function is closely related to the 
reorganization of the cycle. Having in mind 
the important functional significance of 
immunocompetent cells in the mature 
endometrium (1), during pregnancy and 
postpartum (12), one can assume the 
participation of some transient cells in 
imunologic reactions. Basophils and mast 
cells may influence on the local 
microcirculation and vascular permeability, 
however, our data are not sufficient for 
final conclusions. Eosinophils which rise in 
number at the beginning of the cycle have 
probably a more particular significance. 
Their infiltration is known to be estrogen-
directed (10, 14) and mediated through 
specific membrane receptors on the 
eosinophils and uterine microvessels (16). 
In our opinion, variations occurring in 
predominant endometrial cell types reflect 
specific functional demands in the uterus. 
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Zelltypen im Endometrium der Ratte: eine ontogenetische 
elektronenmikroskopische Untersuchung 
V. Goranowa, S. Nikolov 
Lehrstuhl fur Anatomie, Histologic und Embryologie, Medizinische Universitat 
Varna 
Zusammenfassung: Die Zelltypen des Rattenendometriums wurden 
transmissionselektronenmikroskopisch auf Material aus 50 weiblichen Tieren 
untersucht. Festgestellt wurden die ultrastrukturellen Besonderheiten der 
ortstandigen (Fibroblasten, Epithelzellen) und der freien (Granulozyten, 
Makrophagen. Plasmozyten und Lymphozyten) Zellen wahrend folgender 
Perioden: i) Prapuberitat, ii) Geschlechtsreife und iii) Senilium. Die 
morphologischen Veranderungen dieser Zellen werden mit Rucksicht auf 
histologische Reorganisierung des Endometriums wahrend der Ontogenese und 
vor alien Dingen beim Ostruszyklus besprochen. Die Ergebnisse zeigen, daB die 
Hauptfaktoren, die in den unterschiedlichen Perioden des Geschlechtszyklus die 
Endometriumzellen bewirken. die Ovarialhormone sind; in den tibrigen 
Altersphasen haben sie kaum eine entscheidende Rolle in dieser Beziehung zu 
spielen. 
Types cellulaires dans l'endometre du rat: recherche ontogenetique 
ultrastructurale 
V. Goranova, S. Nikolov 
Chaire d'anatomie, histologic et d'embryologie, Universite de medecine a Varna 
Resume: Cinquante rats Wistar ont ete utilises pour Tetude des types cellulaires 
dans l'endometre avec microscopie electronique a transmission. Les particularites 
ultrastructurales des cellules principales residencielles (fibroblastes, cellules 
epitheliales) et transitoires (granulocytes, macrophages, plasmocytes et 
lymphocytes) ont ete etablies pendant les periodes suivantes. i) avant puberte, ii) 
maturite sexuelle et iii) vieillesse. Les changements moфhologiques dans les 
types cellulaires sont discutes en vue d'eclaircir la reorganisation tissulaire de 
l'endometre durant l'ontogenese et specialement dans le cycle oestral. Les resultats 
suggerent que les facteurs principaux qui exercent une influence sur les cellules 
dans les phases du cycle sexuel sont les steroides ovariens en comparaison des 
autre periodes. 
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